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Experimental operation of a gyrotron backward wave oscillator with a 
helically corrugated interaction region is presented. A thermionic cath- 
ode electron gun in a Pierce-type geometry was used to generate a rec- 
tilinear electron beam of Ips pulse duration, 185keV energy and 
-2.5A in current. Transverse velocity was imparted to the electron 
beam in a 'kicker' consisting of 4 pairs of small rectangular multi-tum 
coils arranged in a Helmholtz-like configuration. When a pulsed cur- 
rent was applied to the kicker, the electron beam acquired a transverse 
velocity typically with a pitch factor of up to 1.6. The resulting elec- 
tron beam described a helical, axis-encircling trajectory The CRM 
instability provided the effective coupling between the radiation and 
the axis encircling electron beam with the interaction harmonic num- 
ber equal to the azimuthal mode index of the radiation. In this experi- 
ment the operating mode was synthesised by coupling the TE,,, mode 
(azimuthal index, m,=2) and the counter-rotating TE,,, mode (ms = 
-1 )  on a three fold helical corrugation. The backward wave co-rotating 
with the electron beam resonantly interacted with the 2nd harmonic of 
the electron cyclotron wave and underwent a total reflection from the 
upstream anode side. The reflected forward wave propagated through 
the system without interaction with the electron beam. The output 
window, positioned at the other end of the cavity, consisted of 3 pieces 
of quartz and had a reflection coefficient of less than 1% in the fre- 
quency range of 8GHz to IOGHz. At a beam energy of 185keV and 
current of 2A, the output frequency and power from the gyro-BWO 
were measured as a function of the tuning cavity magnetic field. A 
3dB frequency tuning range of 8.0-9.5GHz (i.e. 17% relative tuning 
range) was measured with a maximum output power of 62.4kW and 
electronic efficiency of 17%. In addition, the interaction frequency 
could be tuned by varying the electron beam energy. At a fixed cavity 
magnetic field of 0.195T, the output frequency and power from the 
gyro-BWO were measured as a function of tuning electron beam ener- 
gy while the beam current was maintained at 2-2.5A. A 3dB relative 
frequency tuning range of 8% was measured when the electron beam 
voltage was changed from 215kV to 89kV. 
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A major obstacle to the development of the gyrotron traveling-wave 
amplifier (gyro-TWT) has been its susceptibility to oscillations caused 
by the absolute instability. We present a theoretical study on the 
absolute instabilities in a TE,,-mode, fundamental cyclotron harmon- 
ic, W-band gyro-TWT recently designed [ I ]  and currently in operation 
[2] at UC Davis. In this high-order-mode circuit with distributed loss- 
es, absolute instabilities assume a variety of forms, including over- 
drive of the operating mode, fundamental cyclotron harmonic interac- 
tions with lower-order modes, and the second cyclotron harmonic 
interaction with a higher order mode. The device thus provides a good 
reference case for an examination of the diversity of absolute instahil- 
ity behavior as well as being of great importance for millimeter wave 
radar. We begin with a study of the field profiles of different absolute 
instabilities, which exhibit a range of characteristic depending upon 
the sign and magnitude of the synchronous value of the propagation 
constant. These profiles in turn explain the sensitivity of oscillation 
thresholds with respect to the beam and circuit parameters. 
Significance of the current study to the UC Davis gyro-TWT experi- 
ment will be discussed. 
[I]  D. B. McDermott et al., IEEE Trans. Plasma Sci. 30, 894 (2002). 
[2] H. H. Song et al., Digest of 28th Int. Conf. IR and MM Waves, 205 
(2 0 0 3 ) . 
266 
